Pingwu Fuzhuan brick tea (PWT), a distinctive post-fermentation tea originated from Pingwu region of Sichuan province in China, is a popular "western road" border-selling tea. In this study, we investigated characteristics and chemical compositions of PWT, together with comparing its physicochemical properties with other regions of Fuzhuan brick teas (FBTs). Firstly, inductively coupled plasma mass spectrometry (ICP-MS) was used to determine the geographical origin of FBTs, and the profiles of mineral elements were subjected to principal component analysis (PCA) to evaluate the differences among FBTs. Results from ICP-MS showed that the compositions of mineral elements from PWT, Hunan FBT (HNT), Shaanxi FBT (SNT), and Guizhou FBT (GZT) were distinctly different. The four different types of FBTs were clearly distinguished according to the results of PCA. Furthermore, all FBT samples were assessed for physicochemical properties and heatmap method was applied to data analysis. It was found that the total colour difference was highly distinct when compared PWT with HNT, SNT and GZT. Moreover, most of contents of biochemical compounds (gallic acid, catechins, free amino acids, alkaloids and volatile components) in PWT were lower compared to others except for total essential amino acids, GABA, aldehydes and acids.
Introduction
Tea has been the second popular non-alcoholic beverage behind water for a long history, which could be classified into six types based on the increasing degree of fermentation, including unfermented tea (green tea), slightly fermented tea (white tea), lightly fermented tea (yellow tea), semifermented tea (oolong tea), fully fermented tea (black tea) and post-fermented tea (dark tea). [1, 2] Unlike semi-fermented and fully fermented teas produced by enzymatic oxidation process, postfermented tea is a kind of microbial fermented tea in which a pile fermentation treatment allows microorganisms induce auto-oxidation and non-enzymatic auto-oxidation to complete the process. [3] Microbial activities play an important role in the process of post-fermentation, which directly influence the quality and flavour of dark tea. [4] tea, which is special to the ethnic minorities to drink. Moreover, FBT is one of the life necessities to the ethnic groups living in the border of south-western and north-western China where vegetables and fruits were scarce. [3] In general, the manufacturing process of FBT includes steaming, piling, pressing, fungal fermentation and drying. The "golden flora" appeared on the surface and in the inside of FBT was produced by the dominant propagation of Eurotium spp. under the appropriate temperature and moisture conditions at the end of the fermentation stage. It has been reported that the "golden flora" formation is considered as the unique and key stage to produce the characteristic aroma and flavour of FBT. [3, 6] FBT is traditionally produced in Hunan, Sichuan, Shaanxi and Guizhou provinces of China. FBT obtained from Pingwu region of Sichuan province in China is regarded as the "western road" border-tea. As a unique kind of dark tea, FBT has attracted considerable research attention. Nevertheless, the previous study mainly focused on the variations of one or several biochemical components during FBT processing [5, 7] and the comparison of difference between dark tea and other types of tea [8, 9] and components purification. [10] To date, few studies have been paying attention to identify the origin of different FBTs. In addition, the characteristic comparisons among Pingwu FBT (PWT) and other types of FBTs were also barely systematically investigated.
A series of studies have conducted on product traceability by analysing mineral elements. [11] It is well established that volatile compounds, tea polyphenol, amino acids, caffeine contents of tea and colour difference of infusion are main factors to influence the tea quality. [4, 12] In order to distinguish PWT from Hunan FBT (HNT), Shaanxi FBT (SNT) and Guizhou FBT (GZT), inductively coupled plasma mass spectrometers (ICP-MS) was applied to analyse minerals content and principal component analysis (PCA) was used to distinguish samples from other regions. Furthermore, biochemical compounds of four different types of FBTs were also determined to classify the characteristic of PWT with others in the present study.
Materials and methods

Materials and reagents
PWT, HNT, SNT and GZT were obtained from Pingwu Xuebaoding Cha Industry Development Co., Ltd (Pingwu county of Sichuan province, China), Hunan Shen's tea manufacturing Co., Ltd (Anhua county of Hunan, China), Xianyang Jingwei Fu tea Co., Ltd (Qindu district of Xianyang city of Shaanxi province, China) and Guizhou Fanjin tea Industry Co., Ltd (Songtao county of Guizhou province, China), respectively. Twelve of tea samples of special grade were produced on April, 2014.
Nitric acid (65% w/w), hydrogen peroxide (30% w/w) and methanol for mobile phase were of analytical grade, guaranteed grade and HPLC grade respectively, respectively. Multi-element standard stock solution containing 27 mineral elements (10 mg/L of Li, Be, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, Cs, Ba, Tl, Pb and U), internal standard solution (10 mg/L of In) and tuning solution (1 μg/L of Ce, Co, Li, Mg, Tl and Y) were purchased from Agilent Technologies Inc (Cal, USA). Gallic acid (GA), epigallocatechin (EGC), catechin (C), epigallocatechin gallate (EGCG), epicatechin (EC), epicatechin gallate (ECG), caffeine, theobromine and theophylline were purchased from Sigma-Aldrich Co. (St. Louis, Mo, USA). A standard solution of 18 amino acids was obtained from Membrapure GmbH, (Berlin, Germany) and L-theanine (Thea) was provided by Shanghai Jinsui biotechnology Co., Ltd (Shanghai, China). All other chemicals and reagents used were of analytical grade.
Analysis of mineral elements
The treatment of FBT samples before mineral elements determination referred to previous methods with some modification. [13] All poly tetra fluoroethylene (PTFE) digestion tubes and glassware were soaked in 10% HNO 3 overnight and rinsed with ultrapure water. A total of 0.4 g of FBT samples, 5 mL of 65% nitric acid and 1 mL of 30% H 2 O 2 were placed into PTFE digestion tube. Then, the samples were microwaved as following program: 120°C for 10 min, 160°C for 10 min and 180°C for 10 min. The mixtures were diluted to 10 mL with ultrapure water.
Data quantification was achieved with reference to matrix-matched. Multi-element standards containing 10 mg/L of 27 elements were dissolved in 5% HNO 3 and calibration plots were constructed by plotting peak areas against the corresponding elements in the range of 0.2 μg/L to 10 mg/L. The quantification results were performed as μg/g FBT leaves. Argon (99.99%) and helium were used as ultrapure grade carrier. Elements measurements were performed using the inductively coupled argon plasma atomic emission spectroscopy method with an Agilent 7700× device (Agilent, Cal, USA). The general setting of 7700× system was as follows: RF power, 1550 W; reflected power, < 20 W; plasma gas flow, 10 L/min; auxiliary gas flow, 1 L/min; carrier gas, 1 L/min; dilution gas flow, 1 L/min, spray chamber temperature, 2°C; nebulizer pump, 0.3 r/s; integration time, 0.3 s. Samples were analysed five times in total. The parameter sitting of ICP-MS was conducted according to previous determination which also used the same instrument. [14] Analysis of GA, catechins and alkaloids
The preparation of samples and determination of GA, catechins, and alkaloids were performed as described previously with some modification. [7, 9] The qualitative analysis of all samples was carried out by a Shimadzu LC-6AD apparatus with a Shimadzu CBM-20A Diode Array Detector, coupled the Inertisil ODS-4 column (5 μm, 4.6 mm × 250 mm, 30°C; GL-science Inc., Tokyo). Tea samples (2.5 g) were extracted with 100 mL of methanol solution (70%, w/w) at room temperature for 24 h with continuous stirring. The solution filtered through 0.22 μm nylon membrane was used for HPLC analysis. Two solvents were applied for elution: mobile phase Awater/formic acid (100:0.1, v/v) and mobile phase B -methanol. Gradient elution condition was programmed as follows: 0-20% B from 0 to 20 min, 20%-25% B from 20 to 40 min, 25%-40% B from 40 to 45 min, 40%-45% B from 45 to 55 min, 45%-100% B from 55 to 60 min and kept at 100% B from 60 to 75 min. The flow rate was kept at 0.8 mL/min. The sample injection volume was 20 μL and the UV detection wavelength was set at 280 nm. The chromatographic peaks of the analytical samples were confirmed by comparing their retention time and UV spectra with those of standard compounds. Quantification of GA, catechins and alkaloids in tea samples was achieved by a calibration curve obtained with individual corresponding standard compound. The calibration plots were constructed with six concentration levels and results were shown as mg/g FBT leaves.
Determination of volatile components
The determination of volatile components with headspace solid-phase microextraction/gas chromatography-mass spectrometry (HS-SPME/GC-MS) was conducted according to previous report. [15] Briefly, tea samples (1 g) were infused with 5 mL boiling water, stirred at 60°C for 30 min, and followed by extraction using a 50 μm of SPME fibre coated with DVB/CAR/PDMS (Supelco, Sigma Aldrich, St. Louis, Mo., USA) for 30 min. Volatile compounds analysis was performed using the gas chromatograph-mass spectrograph (GCMS-QP2010 SE, Shimadzu, Japan) at 70 eV over 35-400 amu. Compounds were separated with the RTX-5Sil MS capillary column (0.25 μm × 0.25 mm × 30 m) with helium (> 99.99%) as the carrier gas at 1.0 mL/min. The desorption condition was set at 240°C for 5 min and the temperature program was as follows: initially 40°C for 3 min, raised to 85°C at 3°C/min and held for 3 min, then increased to 160°C at 3°C/min, finally increased at 10°C/min to 240°C and held for 5 min. The temperature of the interface port from GC to MS and the iron source was 280°C and 230°C, respectively. The identification of volatile components was based on comparing retention indices (RI) with the published data in NIST 14 library search system and contents of volatile components (%) were shown as relative content.
Determination of free amino acids
Tea sample preparation was conducted according to the previous report.
[ 16] Analysis of free amino acids in tea samples was performed using an automatic amino-acid analyser (A300, Membrapure GmbH, Germany). The contents of free amino acids were determination by the peak area of multiamino acids standards and performed as μg/g FBT leaves.
Analysis of colour difference of tea infusion
The colour analysis was conducted as described previously. [17] Tea samples (2 g) were extracted with 100 mL of freshly boiling distilled water for 10 min. After centrifuged at 12000 r/min for 15 min, the supernatants were obtained and analysed by a spectrophotometer (CM-5, Konica Minolta Optics, Inc., Japan). The L*, a* and b* values of CIE-Lab space were determined using distilled water as control for errors diminishing.
Data analysis
All determinations were performed in triplicate and results were expressed as the mean value ± standard deviation (SD). Significant differences were calculated by Duncan's test (p < .05) using SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Principal component analysis (PCA) was performed to distinguish different regions of origin using SIMCA-P V14.1 software (Umetrics AB, Umea, Sweden). All data for heatmap was normalized using Z-scores and a heat map was generated using R (version 3.5.1) with heatmap package.
Results and discussion
Mineral elements content and PCA analysis
Minerals elements can be used to trace the geographical origin of teas. [11] The calibration and content levels for 27 elements were shown in Table S1 and Table S2 (see supplementary materials), respectively. It was found that FBTs contained diverse elements over a wide concentration. The level of K (16809.47 μg/g) was the highest in FBT samples, whereas the lowest one is that of Ag (0.01 μg/ g). Macro elements such as K, Mg, Al and Ca were all abundant in FBTs. Meanwhile, Mn and Fe, as micro elements, were also abundant in FBTs. The results were in accordance with the previous reports including green tea [18] , white tea [13] , black tea [19] and dark tea [11] . Furthermore, the concentrations of Cr, Cd and As in all tea samples were below the limited contents according to the reference of NY659-2003, and the Pb content was below the GB 2762-2017 "contaminant limit in food". For PWT, the contents of Be, K, Cr, Cu, Zn, Se, Rb, Cd and U were almost at a lowest level of all samples or slightly higher (p > .05). The contents of Mg, Ca, V, Fe, Ni, Ga, As, Sr, Ag, Ba and Tl were almost at a highest level of all samples or slightly lower (p > .05). The contents of Li and Ag had no significant difference among all FBT samples.
In order to distinguish PWT from other three origins, PCA was used. PCA is a kind of unsupervised method, which can show reliable multivariable consequence in geographic origin traceability. [7] It was obvious that PWT could be well distinguished from other regions of FBTs based on the concentrations of 27 mineral elements (Figure 1 ). Tea samples from the same region clustered together. Meanwhile, the first principal component t [1] and the second principal component t [2] could display 0.414 and 0.281 of variation among tea samples, respectively. Tea samples changed along with the vector of t [1] from left to right as PWT, GZT, HNT, SNT. Although tea samples could be performed well by t [1] , the otherness of FBT were still significant as the t. [2] These consequences suggested that it was realizable to distinguish PWT tea from other regions FBTs by PCA.
Colour difference analysis of tea infusion
The colour factors L*, a* and b* represent lightness (black-white component), redness (+red togreen component) and yellowness (+yellow to -blue component), respectively. [20] The L* value of FBTs ranged from 70.62 to 83.60 (Table 1) . It was obvious that the L* value of PWT was slightly lower than that of GZT, but higher than those of HNT and SNT. The b* value of PWT were significantly (p < .05) lower compared to other FBT samples. The a* value of PWT was slightly higher than that of GZT, but lower than those of HNT and SNT. The colour factor TCD, applied to distinguish the visual perception of samples, can be analytically classified into three types: TCD < 1.5 means small difference, 1.5 < TCD < 3 means distinct and TCD > 3 means highly distinct. [20] When the TCD value of PWT was set as a reference (TCD = 0), the TCD values of HNT, SNT and GZT were detected to be 18.52, 23.58 and 3.87, respectively. It was found that the total colour difference was highly distinct when compared PWT with HNT, SNT and GZT. Fuzhuan brick tea; HNT, Hunan Fuzhuan brick tea; SNT, Shaanxi Fuzhuan brick tea; GZT, Guizhou Fuzhuan brick tea. R2X [1] refers to the fraction of explained variation in principal component 1 (t [1] ) and R2X [2] the fraction of explains variation in PC2 (t [2] ). 
Analysis of GA and catechins
It has been reported that GA could be produced by the degradation of galloyl catechins and/or gallotannins. With the increasing degree of fermentation, GA continued to degrade to some simple phenols such as 2,5-dihydroxybenzoic acid, phloroglucinol and pyrogallol. [5] As shown in Table 1 , the content of GA in PWT was comparable to HNT (p > .05), but lower compared to SNT and GZT (p < .05).
Catechins with an astringency taste were the most abundant in green tea compared with other types of teas. [8] During the fermentation process of FBT, catechins were degraded into the B ring fission catechins derivatives and polymerize into theaflavin derivatives with the effect of oxidative polymerization, which were induced by the microorganisms and the extracellular enzymes released by the microorganisms. This changes of catechins were able to reduce coarse astringency and darken the tea infusion colour, which improved the quality and taste of FBT. [5] Catechins (EGC, C, EGCG, EC and ECG) have been regarded as the major phenols in all kinds of teas. [8] The contents of five major catechins in FBT samples were determined with HPLC analysis (Fig.  S1, see supplementary materials) , and the results were shown in Table 1 . EGC and EGCG have been reported to be the major catechins in the final FBT samples. [5] The level of EGC in PWT (4.55 mg/g) was higher than in HNT (2.47 mg/g), but lower than in SNT (15.94 mg/g) and GZT (9.17 mg/g). EGCG ranged from 0.35 mg/g in HNT to 23.23 mg/g in SNT. The EGCG content of PWT was comparable to that of HNT (p > .05), but was significantly lower (p < .05) compared to SNT and GZT. The levels of C, EC and ECG in PWT were significantly lower than the corresponding levels in SNT and GZT (p < .05). These might be resulted from different raw leaves, manufacturing process, degree of fermentation and microorganism varieties. The contents of total catechins ranged from 4.55 to 54.78 mg/g in FBT samples, which were comparable to those from the previous reports.
[ 21] Alkaloids analysis of FBT The purine alkaloids in teas are typically represented by caffeine, theobromine and theophylline. [22] Caffeine is a well-known stimulant and regarded as the main metabolite in teas. [23] As shown in Table 1 , caffeine was the most abundant alkaloid in FBTs ranging from 11.68 to 12.58 mg/g. In general, the content of caffeine in dark tea was lower than that in green tea, oolong tea and black tea. [9] The probably reason is that the contents of caffeine increased at the early fermentation stage, and decreased gradually during the late fermentation stage due to the breeding of moulds. [7] The contents differed significantly between the lowest levels of 12.56 mg/g in PWT and 11.68 mg/g in GZT with the highest level of 23.36 mg/g in SNT. However, HNT showed the moderate level of caffeine (16.85 mg/g). The caffeine content of these samples was also comparable to those from previous studies in FBT (27. 51 mg/g) and pu-erh tea (30.92 mg/g). [21] Like caffeine, theobromine also contributes to tea's stimulant property and was regarded as the precursor of caffeine during the biosynthesis in tea. [24] The contents of theobromine in PWT (0.15 mg/g) was equal to that in HNT (0.19 mg/g) and GZT (0.15 mg/g) (p > .05), and lower than that in SNT (0.51 mg/g) (p < .05). The similar pattern was followed by theophylline with lower levels ranging from 0.07 to 0.42 mg/g in four kinds of FBT samples. The theophylline contents of the four regions FBT followed by the order of SNT, GZT, PWT and HNT (p < .05). The theophylline content was also comparable to those from pu-erh tea with a lower level (0-2 mg/g). [25] Free amino acids analysis
In this study, free amino acids from PWT and other three regions FBTs were qualitatively and quantitatively analysed. As shown Table 2, significant differences in total free amino acids were observed among the four kinds of FBT (p < .05). SNT had the highest content of total free amino acids (2625.99 μg/g), followed by PWT (1480.33 μg/g), GZT (419.33 μg/g) and HNT (297.82 μg/g) with a significant difference (p < .05). Some studies showed that amino acids on pu-erh teas were more abundant than that in FBT. [12, 16] However, there was a diverse result in another report. [26] These could be attributed to the different tea varieties and fermentation process. The contents of total amino acids decreased sharply between the before and the after fermentation as a result of Maillard reaction and enzymatic conversion. [16] According to the chemical structure and biological activity, different amino acids commonly are divided to two groups of essential amino acids and non-essential amino acids. The total essential amino acids content in the four kinds of FBT ranged from 17.33 to 233.66 μg/g, and SNT had the highest total essential amino acids content (233.66 μg/g). PWT contained significantly (p < .05) higher level of total essential amino acids (217.33 μg/g) than HNT (17.33 μg/g) and GZT (29.66 μg/ g), but a little lower compared to SNT (233.66 μg/g). The same pattern was observed for the total non-essential amino acids with levels ranging from 1001.00 μg/g in SNT to 166.82 μg/g in HNT. The total non-essential amino acids followed a similar trend with higher level in PWT (559.01 μg/g) compared to HNT and GZT (221.67 μg/g).
Amino acids play an important role in the taste of tea. Bitter amino acids contain Val, Ile, Leu, Phe, Trp, Lys and Tyr. Sweet amino acids are characterized by Thr, Pro, Ser, Gly and Ala. In addition, Asp, Asn, Glu and Thea belong to umami amino acids. [27] Among essential amino acids, PWT had the highest level of Thr (101.00 μg/g). Val, Ile, Leu, Phe and Trp with higher levels in PWT compared to HNT and GZT, and were found in lower concentrations in PWT compared to SNT. The level of Lys in PWT was significantly lower compared to SNT (p < .05), but comparable to GZT (p > .05). The levels of Asp, Ser, Glu, Ala, Tyr and Arg in PWT were significantly lower than the corresponding levels in SNT (p > .05). It was noted that Asn was only detected in PWT and His was not detected in PWT but existed in SNT and GZT with a low concentration.
Thea was a unique amino acid that only existed in tea and contained more in unfermented teas with a brothy sweet umami taste. The previous work has reported that Thea counteracts the stimulatory of caffeine and has a positive effect on attention in human electroencephalography study. [23] Thea was present in all of FBT samples ranging from 7.67 to 1169.00 μg/g, and SNT showed the highest content of Thea ( Table 2 ). The level of Thea in PWT was detected to be 172.33 μg/g, which was higher than that in HNT (7.67 μg/g) and GZT (97.67 μg/g). This huge difference of Thea content in various regions can attribute to the difference of raw leaves and manufacturing process such as fermentation process, microorganism species and fermentation degree. Interestingly, the Thea content in PWT was much higher compared to pu-erh ripened tea samples with a range of 4-38 μg/g. [28] GABA, which is a major inhibitory neurotransmitter in the central nervous system, can be produced in fresh tea leaves under anaerobic conditions. [29] GABA is primarily produced by microorganism and the biosynthesis of GABA is one step reaction of decarboxylating glutamate to GABA, catalysed by glutamate decarboxylase. [30] In this study, PWT was found to show the most abundant GABA (531.67 μg/g), followed by SNT (222.33 μg/g), HNT (106.00 μg/g) and GZT (70.33 μg/g), respectively. Compared with previous studies on other types of tea, the level of GABA in PWT was much higher than pu-erh tea, green tea, black tea, oolong tea and white tea. [29] The possible reasons were due to raw leaves and microorganism.
Volatile component
The complete list of identified aroma volatiles in four regions FBTs is presented in [31] In addition, another work on pu-erh tea showed that the levels of methoxyphenols, alcohols and aldehydes took up a signification proportion. [32] Aldehydes constitute the most dominant chemical group presented in the four kinds of FBT samples: PWT (41.43%), HNT (41.68%), GZT (39.44%) and SNT (24.82%). The proportion of aldehydes in PWT was comparable to HNT and was higher compared to SNT and GZT. The numbers of aldehydes in PWT (29) was more than HNT (27) , SNT (23) and GZT (27) . During the process of post-fermentation, aldehydes substitute was generated by oxidation and hydrolysis of fatty acids and decarboxylation and oxidative deamination of amino acids. [31] Predominant aldehyde in PWT was found to (E,E)-2,4-heptadienal measured at 13.98%, followed by hexanal (5.58%), (E)-2-octenal (2.23%), 1-nonanal (3.04%), octanal (2.23%) and benzaldehyde (2.03%). Similar to the previous report, [32] (E,E)-2,4-heptadienal at a favour of "grassy" was the most abundant compound among all of aroma volatiles in PWT and all other FBT samples. Levels of the other major aldehydes in HNT, SNT, and GZT were equal to PWT, and it was worth noting that the contents of these components in SNT were obviously lower than that in other FBT samples.
Second to aldehydes, ketones were also a vital group of aroma volatiles and had a similar proportion in four regions FBTs (3.25%-4.25%). Predominant ketones found in PWT were 3,5-Octadien-2-one measured at 3.56%, 6,10-dimethyl-5,9-undecadien-2-one measured at 2.71%, (E)-β-ionone measured 1.26% and α-ionone measured at 0.94%. The similar pattern was observed in the other FBT samples. It is well known that these ketones provide a floral, fruity and woody odour. It is worth noted that β-ionone can affect the flavour of teas with its low human odour perception thresholds. [33] These ketones were likely to be converted by the oxidation and condensation of carotenoids and oxidative break down products of β-carotene with the activity of Eurotium spp. in manufacturing process. [34] The contents of alcohols in PWT (10.64%) were lower in comparison with HNT (13.73%), SNT (19.65%) and GZT (16.79%), and the most abundant compounds were linalool, linalool oxide and 2-ethylhexanol, which provide a floral flavour. Linalool and linalool oxide accounted for 1.775% and 0.93% of PWT volatile components, respectively, present at higher levels in HNT (2.18, 2.51%), SNT (7.42%, 2.65%) and GZT (4.16%, 2.89%). It was noted that linalool was present at higher level in these FBT samples than other alcohols, whereas the content of linalool was far lower compared to green tea [35] , oolong tea [36] and black tea.
[37]
Heatmap analysis
Heatmap was applied to provide intuitive visualization of the chemical compounds contrast in four regions FBTs. Prior to analyse by the R programming language, all data were centered and normalized by Z-score normalization. Figure 3 presented the results of 23 factors and illustrated the arrangements of the clusters of samples and compounds. The red colour in the figure represents a higher content than the mean value, while the green shows the opposite. By comparing the variation in colour intensity for the samples, it was found that the most contents of biochemical compounds in PWT were lower compared to HNT, SNT and GZT except total essential amino acids, GABA, aldehydes, acids and L* value.
Conclusion
The case study comparatively evaluated the physiochemical properties of PWT relative to HNT, SNT and GZT. According to ICP-MS and PCA analysis, the four types of FBTs were objectively and successfully distinguished. Total colour difference was highly distinct among the FBT samples. The level of total catechins in PWT was significantly higher compared to HNT, but far lower than SNT and GZT. PWT had significantly lower levels of caffeine, theobromine and theophylline compared to the other FBTs. SNT had the highest content of total free amino acids, followed by PWT, GZT and HNT with a significant difference, meanwhile the same pattern was observed for Thea. Interestingly, PWT was found to possess the most abundant GABA. Results of HS-SPME/GC-MS indicated that the main volatiles were aldehydes, ketones and alcohols in all the FBT samples, and the major constituent was found to be (E,E)-2,4-heptadienal in PWT. Heatmap analysis visually showed the different characteristics of four kinds of FBTs. Our results may confirm the previous suggestions and observations on chemical differences of FBTs from different geographical origins. 
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